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特定结构振源振动时流体表面波的定向吸引作用 
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（1. 北京信息科技大学理学院；2. 中国石油大学（北京）国家安全生产监督管理总局油气 
安全工程技术研究中心；3. 中国科学研究院力学所） 
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摘要：实验中发现三棱柱体在流体表面作低频小幅简谐振动时激发的表面波对漂浮物有定向吸引作用，针对此现象
进行了系统实验和深入研究，分析了不同结构振源振动引起的流体表面波动的特性。开展了三棱柱体、四棱柱体、
六棱柱体和圆柱体作为振源的实验。结果表明正对棱柱体棱边方向的表面波对漂浮物有吸引作用，而正对棱柱体柱
面方向的表面波对漂浮物有排斥作用。吸引作用的大小与棱角的尖锐程度呈非线性关系，棱角越尖锐吸引作用越强。
当振源为圆柱体即棱角消失时，表面波对漂浮物没有定向吸引作用。实验发现并验证了特定结构振源振动时产生的
流体表面波具有定向吸引作用，研究成果可为水面污染物清理、海上溢油收集等工程应用问题提供帮助。图 9 参 11 
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Directional attraction of fluid surface wave caused by vertically oscillating prisms 
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Abstract: Experiments show that the surface wave, which is caused by a triangular prism performing simple harmonic vibration with 
low frequency and small amplitude on fluid surface, has directional force on float. A series of experiments and an in-depth study about 
this phenomenon were carried out, and the characteristics of fluid surface wave from different structures oscillation were analyzed. 
Experiments were launched with different vertical oscillating structures, such as triangular prism, quadrangular prism, hexagonal prism 
and the cylinder. The results show that the surface wave, on the direction directly opposite to the prism edge, can attract the floats, while the 
wave on the direction directly opposite to the prism facet has repelling interection. The relationship between the strength of attraction and 
sharpness of the angle is non-linear. The sharper the angle, the stronger the attraction force. When the prism becomes a cylinder which 
means without angle, the attraction will disappear. The experiment found and verified the fluid surface wave caused by specific structure 
oscillating prisms has directional attraction interection. The results are helpful for cleaning up pollutants and collecting spill oil on the water. 
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图 1  垂直振动机械传动机构示意图 
?????????????????????
??????????????????? 2????
???????????????????? 40 mm?
?????? 5 000 mm2???????????? 
??? 
??????? 800 mm????? 500 mm??
???????????????????????
??? 10 mm????????????????? 
 
图 2  规则棱柱体振源 
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2.1 三棱柱体振源 
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图 3  浮子正对三棱柱体柱面时被排斥 
 
图 4  浮子正对三棱柱体棱边时被吸引 
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2.2 四棱柱体振源 
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图 5  浮子正对四棱柱体棱边时被吸引 
2.3 六棱柱体振源 
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图 6  浮子正对四棱柱体柱面时被排斥 
 
图 7  浮子正对六棱柱体柱面时被排斥 
 
图 8  浮子正对六棱柱体棱边时被吸引 
??????????????? 
2.4 圆柱体振源 
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图 9  圆柱形振源对浮子的排斥作用 
???????????????????????
???????????????????????
??????????? 
3 ?? 
?????????????????????
?????????????????????? 
?????????????????????
????????????????????????
???????????????????????
????????????????????????
???????????????????????
??? 
?????????????????????
???????????????????????
???????????????????????
???????????????????????
????????? 
参考文献：  
[1] ???. ????????[M]. ??: ?????, 2005. 
ZOU Zhili. Water wave theory and its application[M]. Beijing: 
Science Press, 2005. 
[2] ??, ???. ?????????????????????
?????[J]. ????, 2003, 25(3): 1-9. 
SUN Tao, TAO Jianhua. Numerical modeling and experimental 
verification of pollutant transport under waves in the near shore 
zone[J]. Acta Oceanologica Sinica, 2003, 25(3): 1-9. 
[3] KENNEDY A B, KIRBY J T, GOBBI M F. Simplified higher-order 
boussinesq equations: . Ⅰ Linear simplifications[J]. Coastal Eng., 
2002, 44(3): 205-229. 
[4] ???, ???. ?????????????[M]. ??: ??
?????, 2008. 
DAI Yishan, DUAN Wenyang. Potential flow theory of ship motion 
in waves[M]. Beijing: National Defence Industry Press, 2008. 
[5] ???. ???????[M]. ??: ???????, 2005. 
TAO Jianhua. Numerical simulation of water waves[M]. Tianjin: 
Tianjin University Press, 2005. 
[6] PUNZMANN H, FRANCOIS N, XIA H, et al. Generation and 
reversal of surface flows by propagating waves[J]. Nature Physics, 
2014, 10(8): 658-663. 
[7] LIN P, LI C W. A σ-coordinate three-dimensional numerical model 
for free surface ware propagation[J]. International Journal Methods 
in Fluids, 2002, 38(11): 1045-1068. 
[8] ZOU Zhili, WANG Tao, ZHANG Xiaoli, et al. One-dimensional 
numerical models of higher-order Boussinesq equations with high 
dispersion accuracy[J]. Acta Oceanologica Sinica, 2003, 22(2): 
287-300. 
[9] YASUKAWA H. Application of a 3-D time domain panel models in 
seakeeping problems[C]//Proc. of 24th Symposium on Naval 
Hydrodynamics. Fukuoka, Japan: U.S. Office of Naval Research, 
2002. 
[10] HUANG C J, DONG C M. On the interaction of a solitary wave and 
a submerged dike[J]. Coastal Eng., 2001, 43: 265-286. 
[11] TAO Jianhua, HAN Guang. Effects of water wave motion on 
pollutant transport in shallow coastal water[J]. Science in China, 
Series E, 2002, 45(6): 593-605. 
第一作者简介：杨虹（1965-），女，江西上饶人，硕士，北京信息科技
大学副教授，主要从事大学物理实验教学及传感设计研究工作。地址：北
京市海淀区清河小营东路 12 号，北京信息科技大学清河小营校区理学院，
邮政编码：100101。E-mail：yyanghong@yeah.net 
联系作者：毛东风（1962-），女，河北石家庄人，中国石油大学（北京）
机械与储运工程学院教授，主要从事海洋油气结构工程、海洋油气安全、
管柱力学、流固耦合等方面的研究工作。地址：北京市昌平区府学路 18 号，
中国石油大学（北京）机械与储运工程学院，邮政编码：102249。E-mail：
maodf@cup.edu.cn 
收稿日期：2015-11-29    修回日期：2016-06-15 
???  胡苇玮?  
htt
p:/
/ds
pa
ce
.im
ec
h.a
c.c
n
